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Background: Right or right-extended hepatectomy including the caudate lobe is the most common
treatment for hilar cholangiocarcinoma (HC). A 5-year survival of up to 60% can be achieved using this
procedure if R0-resection is obtained. However, for some patients a left-sided liver resection is necessary
to obtain radical resection. The close relationship between the right hepatic artery and the HC in these
patients frequently limits the ability to achieve a radial R0-resection without difficult vascular reconstruc-
tion. The aim of the present study was to describe the outcome of patients who underwent pre-operative
embolization of the proper hepatic artery in an effort to induce development of arterial collaterals thus
allowing the resection of the proper and right hepatic artery without vascular reconstruction.
Methods: In patients presenting with HC who were considered to require a left hepatic lobectomy and
in whom pre-operative work up revealed possible tumour invasion of the right hepatic artery, transcath-
eter arterial embolization (TAE) of the proper hepatic artery or the left and right hepatic arteries was
performed. Three weeks later, a left-sided hepatectomy with resection of all portal structures except the
portal vein was performed.
Results: In six patients, pre-operative embolization of the proper hepatic artery was performed. Almost
instantaneously in all six patients arterial flow signals could be detected in the liver using Doppler
ultrasonography. No patient died peri-operatively. In all six patients an R0 radial resection was achieved
and in three an R0 proximal transection margin was obtained. All post-operative complications were
managed successfully using percutaneous drainage procedures. No patient developed local recurrence
and two patients remain disease free more than 7 years after surgery.
Summary: After pre-operative embolization of the proper hepatic artery, resection of the HC with left
hepatectomy is a promising new approach for these technically demanding patients, giving them the
chance of a cure.
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Introduction
Hilar cholangiocarcinoma (HC) is difficult to treat surgically,
because of the anatomical characteristics of the porta hepatis. The
hepatic artery and portal vein lie in close proximity to the tumour
thus limiting radical resection. The right hepatic artery most com-
monly passes obliquely from left to right between the portal vein
(lying posteriorly) and the common hepatic duct (lying anteri-
orly). Therefore, the right hepatic artery is at high risk of tumour
invasion in patients presenting with HC. In patients with tumours
involving the first and or second order right-sided ducts, right or
extended right hepatectomy can be performed allowing the right
hepatic artery to be resected en bloc with the tumour. This
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increases the probability that a radial R0 resection can be
obtained, even in patients with involvement of the right hepatic
artery. No reconstruction of the hepatic artery is needed, as the
proper and left hepatic artery can be preserved.1–4 However, for
some patients the tumour may primarily involve first and or
second order left-sided ducts. To obtain a R0 resection in these
patients a left or left-extended hepatectomy must be performed. If
the right hepatic artery is involved in the tumour process it must
be resected en bloc with the tumour if a radial R0 resection is to
be achieved. Reconstruction of the right hepatic artery is difficult
with the high risk of technical failure or may be impossible
because the artery for reconstruction is very small. Even after
successful arterial reconstruction median survival has been poor
with no long-term survivors.5–7 Based on the knowledge of spon-
taneous arterial revascularization of the liver after ligation of the
proper hepatic artery in connection with palliative treatment of
HCC (Fig. 1), it was postulated that pre-operative embolization
of the proper hepatic artery would induce development of arterial
collaterals transversing the hepatic suspensory ligaments, taking
over arterial supply of the liver, thus facilitating R0 resection of the
HC, as the proper, left and right hepatic artery could be totally
resected without vascular anastomosis.8–12
Methods
All patients who underwent resection for HC at the Department
of Gastroenterology and General Surgery, Jichi Medical University
from January 2000 to January 2005 were retrospectively reviewed.
Patients who underwent pre-operative hepatic artery emboliza-
tion were identified and the patient files reviewed. The standard
pre-operative investigations consisted of contrast-enhanced
thoraco-abdominal computed tomography (CT), contrast
enhanced magnetic resonance imaging (MRI) and endoscopic
retrograde cholangiopancreatography (ERCP) with brush cytol-
ogy. Patients were considered resectable if there was no evidence
of metastatic disease, the remnant volume of the liver was suffi-
cient and it was thought that an R0 resection (both at radial and
transection margin) could be achieved. Intraductal ultrasongra-
phy (IDUS) was performed selectively in those patients in whom
the tumour was extendingmainly to the left side of the biliary tree.
In particular, attention was paid to the relationship between the
tumour and the right hepatic artery. In those in whom invasion
was suspected and required a left hepatic resection, pre-operative
arterial embolization was planned and informed consent
obtained. The right biliary tree was drained with one or two
percutaneous transcutaneous cholangiography (PTC) catheters to
optimize function of the future liver remnant (FLR). A transcath-
eter arterial embolization (TAE) was then performed in the
proper hepatic artery or the left and right hepatic arteries. The
target arteries were occluded with 4–5 Tornado Microcoils®
(Cook Medical, Bloomington, IN, USA), making sure that the
intrahepatic arterial tree was not occluded. If embolization was
not complete, small pieces of gelatin sponge were added (Fig. 2).
The day after embolization,Doppler ultrasonography (DU)was
performed and arterial signals could be detected along the right
anterior and posterior portal pedicle in all six patients (Fig. 3).DU
was repeated every week until surgery was performed.
Three weeks after embolization surgery was performed (Fig. 4).
Left or left-extended hepatectomy including caudate lobe and
Figure 1 The main collateral arterial blood sources after interruption
of the hepatic artery
Figure 2 Angiographic picture before and after finishing the embolization procedure
148 HPB
HPB 2010, 12, 147–152 © 2010 International Hepato-Pancreato-Biliary Association
lymph node dissection was performed with the following modi-
fications related to the embolization procedure:
1 After entering the abdomen a Pringle manoeuver was per-
formed and intra-operative DU undertaken confirming collat-
eral arterial blood flow in the right anterior and posterior
segmental branches of the right hepatic artery.
2 During dissection of the hepatoduodenal ligament the proper
hepatic artery was divided. The hepatic side was divided,
without being ligated. The absence of arterial blood reflux from
the liver was confirmed. If a coil used for embolization pre-
cluded ligation of the proper hepatic artery, the coil was
retracted and removed from the stump of the hepatic
artery.
3 After division of the common bile duct at the superior margin
of the pancreas and mobilization of the gallbladder from the
gallbladder bed, all structures in the hepatoduodenal ligament
including proper, left and right hepatic arteries, except the
portal vein could be lifted cranially and resected en bloc with
the left and caudate liver lobe. The bile duct could be followed
deeply into the right liver without worrying about injuries
to accompanying arterial branches. Arterial flow in the liver
remnant was monitored intermittently throughout the opera-
tion using DU.
4 Mobilization of the right liver or division of its suspensory
ligaments was avoided.
A retrograde transhepatic biliary drainage catheter(s) was
inserted and reconstruction with a Roux-Y single-layer anastomo-
sis between the bile duct(s) at the porta hepatis and the jejunum
was performed using interrupted 5-0 monofilament absorbable
sutures (Viocin® or PDS II®). The patients were staged using the
AJCC classification based on the pathology report.13 R0 resection
was defined as the absence of microscopic tumour infiltration at
either the transection or radial margin.
According to our standard protocol, post-operative radio-
therapywas administered to all patientswithperineural invasionof
the tumour. 50–60 Gy was given to the region of hepatoduodenal
ligament including the region of biliary cut end of the right lobe.
The protocol of post-operative follow-up included contrast
enhanced thoraco-abdominal CT, carcinoembryonic antigen
(CEA), CA19-9 and liver parameters every 4 month for the first
post-operative year, decreasing to twice per year or on demand if
clinical suspicion of recurrence. Local recurrence was defined as
an obstructing mass in the porta hepatis on CT.
Figure 3 Doppler picture from the right anterior branch of the hepatic artery the day after embolization of the proper hepatic artery
Figure 4 Operative drawing of the situation after completion of
surgery
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Results
During the study period 43 patients underwent surgery for HC.
Eighteen patients met the criteria for IDUS of whom six had
features suspicious for right hepatic artery involvement and thus
underwent pre-operative proper hepatic artery embolization. The
demographics, treatment and outcomes for the six patients are
shown in Table 1.
Out of the six patients, two underwent embolization of
the left and right hepatic arteries separately because of anato-
mical reasons: one patient had a short proper hepatic artery and
in the other the left and right hepatic arteries originated sepa-
rately from the celiac trunk and superior mesenteric artery,
respectively.
In all patients, the levels of aspartate aminotransferase and
alanine aminotransferase were transiently elevated after emboli-
zation and returned to normal in about 5 days. The bilirubin level
rose transiently in one patient. Fever developed in one patient and
resolved within 2 days. No patient had serious complications as
a result of embolization of the proper hepatic artery.
There were no peri-operative deaths.
All patients had stage IVa cancer including perineural invasion
of the tumour and therefore received post-operative radiotherapy.
According to the pathology report three patients had R0-
resection and three patients R1-resection.
All patients having R1 resection had tumour invasion at
the transection margin of the proximal bile duct. In all patients
perineural invasion of tumour cells in the connective tissue in and
around the adventitia of the artery as well as severe inflammation
was demonstrated making the artery and bile duct inseparable.
No patient had tumour invasion at the radial margin.
Four patients developed recurrence and died 6, 14, 36 and 37
months after surgery. Three died of peritoneal dissemination.One
patient died from disseminated disease. No patient developed
local recurrence. Two patients, one of whom was classified as an
R1 resection, are alive with no evidence of recurrence at 7 and 8
years after surgery, respectively. All patients with the N1 stage died
of metastatic disease.
Discussion
Radical resection of HC has been shown to be the only parameter
with a significant impact on survival in multivariate analyses of
several studies.1,14–16 Resection of the hilar biliary tree, combined
with liver resection is necessary to obtain radical resection.17,18 In
most patients with Bismuth type III and IV, the best option for R0
resection is bile duct resection and extended right hepatectomy.1
The left hepatic duct with its long extrahepatic course, and the left
hepatic artery running at the left border of the hepatoduodenal
ligament, a good distance from the main biliary duct structures,
is the anatomical basis ensuring an R0 resection margin in most
patients.19 However, in patients with stage Bismuth IIIb and some
with Bismuth IV the tumour extension to the left side of the bile Ta
b
le
1
P
at
ie
nt
ch
ar
ac
te
ris
tic
s
an
d
re
su
lts
P
at
ie
nt
no
.
(a
g
e,
g
en
d
er
)
S
ur
g
ic
al
p
ro
ce
d
ur
es
C
o
m
p
lic
at
io
ns
Tr
ea
tm
en
t
fo
r
co
m
p
lic
at
io
n
S
ta
g
e
b
y
A
JC
C
O
ut
co
m
es
1
(5
4
ye
ar
s,
fe
m
al
e)
Le
ft
he
p
at
ic
lo
b
ec
to
m
y
+
ca
ud
at
e
lo
b
ec
to
m
y
+
ex
tr
ah
ep
at
ic
b
ile
d
uc
t
re
se
ct
io
n
+
rig
ht
he
p
at
ic
ar
te
ry
re
se
ct
io
n
(R
0-
re
se
ct
io
n)
H
ae
m
or
rh
ag
ic
d
uo
d
en
al
ul
ce
r
D
is
ta
lg
as
tr
ec
to
m
y
T3
,N
1,
M
0
S
ta
ge
IV
A
D
ea
th
af
te
r
39
m
on
th
s
(p
er
ito
ne
al
d
is
se
m
in
at
io
n)
2
(4
4
ye
ar
s,
m
al
e)
S
am
e
as
ab
ov
e
+
p
or
ta
l-
ve
in
re
se
ct
io
n
(R
0-
re
se
ct
io
n)
Le
ft
-s
id
ed
ne
cr
os
is
of
th
e
rig
ht
an
te
rio
r
se
gm
en
t
P
er
cu
ta
ne
ou
s
tr
an
sh
ep
at
ic
d
ra
in
ag
e
fo
r
liv
er
ab
sc
es
s
T3
,N
1,
M
0
S
ta
ge
IV
A
D
ea
th
af
te
r
35
m
on
th
s
(p
er
ito
ne
al
d
is
se
m
in
at
io
n)
3
(6
2
ye
ar
s,
m
al
e)
S
am
e
as
P
at
ie
nt
1
(R
1-
re
se
ct
io
n)
S
ut
ur
e
fa
ilu
re
at
th
e
an
as
to
m
os
is
b
et
w
ee
n
th
e
b
ile
d
uc
t
an
d
th
e
je
ju
nu
m
,
m
ul
tip
le
liv
er
ab
sc
es
s
P
er
cu
ta
ne
ou
s
tr
an
sh
ep
at
ic
d
ra
in
ag
e
fo
r
liv
er
ab
sc
es
s
d
ra
in
ag
e
b
y
d
ra
in
fo
r
an
as
to
m
ot
ic
le
ak
ag
e
T3
,N
0,
M
0
S
ta
ge
IV
A
D
ea
th
af
te
r
15
m
on
th
s
(m
ul
tip
le
b
on
e
m
et
as
ta
si
s)
4
(4
5
ye
ar
s,
m
al
e)
S
am
e
as
P
at
ie
nt
1
(R
0-
re
se
ct
io
n)
S
ut
ur
e
fa
ilu
re
at
th
e
an
as
to
m
os
is
b
et
w
ee
n
th
e
b
ile
d
uc
t
an
d
th
e
je
ju
nu
m
D
ra
in
ag
e
b
y
d
ra
in
fo
r
an
as
to
m
ot
ic
le
ak
ag
e
T3
,N
0,
M
0
S
ta
ge
IV
A
S
ur
vi
va
l>
5
ye
ar
s
N
o
re
cu
rr
en
ce
5
(6
9
ye
ar
s,
m
al
e)
S
am
e
as
P
at
ie
nt
1
(R
1-
re
se
ct
io
n)
S
ut
ur
e
fa
ilu
re
at
th
e
an
as
to
m
os
is
b
et
w
ee
n
th
e
b
ile
d
uc
t
an
d
th
e
je
ju
nu
m
D
ra
in
ag
e
b
y
d
ra
in
fo
r
an
as
to
m
ot
ic
le
ak
ag
e
T3
,N
1,
M
0
S
ta
ge
IV
A
D
ea
th
af
te
r
32
m
on
th
s
(s
ep
si
s)
6
(6
8
ye
ar
s,
m
al
e)
S
am
e
as
P
at
ie
nt
1
(R
1-
re
se
ct
io
n)
N
on
e
T3
,N
0,
M
0
S
ta
ge
IV
A
S
ur
vi
va
l>
5
ye
ar
s
N
o
re
cu
rr
en
ce
150 HPB
HPB 2010, 12, 147–152 © 2010 International Hepato-Pancreato-Biliary Association
tree is so advanced, that the only option for radical resection is
bile duct resection with left or extended left hepatectomy.20–22 The
close relationship of the right hepatic artery and the biliary con-
fluence and the short right hepatic duct with early branching in
secondary and tertiary hepatic ducts often makes R0-resection
impossible or very difficult without disrupting arterial supply to
the right liver lobe.Vascular reconstruction can be performed, but
with a high risk of technical failure and no long-term survivors.5–7
Portal vein arterialization has been demonstrated as a salvage
procedure after disruption of arterial supply to the liver, but has
some drawbacks such as prolonged overarterialization causing
hyperbilirubinaemia and other side effects, if the shunt does not
close within a few weeks.23,24
To allow resection of the hepatic artery in these patients pre-
operative embolization of the proper hepatic artery was per-
formed to induce arterial collateral blood flow from the periphery
of the liver, far from the hepatic hilum. Many studies have exam-
ined the safety of ligation and embolization of the hepatic artery,
changes in hepatic haemodynamics after ligation and collateral
pathways. It has been demonstrated that up to 26 arteries could
be detected as collateral pathways after occlusion of the proper
hepatic artery.8–12
Two patients with bile duct cancer, successfully treated using
pre-operative embolization of the proper hepatic artery followed
by extensive surgery without performing reconstruction of
hepatic artery, have previously been described in Japanese case
reports.25,26 One patient underwent an extended left hepatic lobec-
tomy, total hepatoduodenal ligamentectomy and duodenopancre-
atectomy whereas a second patient with a mid bile duct carcinoma
underwent total resection of the hepatoduodenal ligament
with the exception of the portal vein. Others have described two
patients undergoing a left hepatectomy including resection of the
right hepatic artery for HC with an uneventful post-operative
course despite unsuccessful reconstruction of the right hepatic
artery.27 Post-operative angiography subsequently demonstrated
arterial supply to the liver remnant via subdiaphramatic colla-
terals.27 An experimental study demonstrated differences in the
occlusive pattern of the hepatic arterial tree associated with
various types of embolization materials.28 It was demonstrated
that very fine caliber embolization materials such as Gelfoam
powder and Lipiodol occlude the peribiliary vascular plexus,
whereas the use of large caliber embolization material preserves
the peribiliary vascular plexus. The use of large caliber emboliza-
tion material caused the re-establishment of intrahepatic haemo-
dynamics immediately after hepatic-artery embolization.28 Thus
in the current study the main hepatic arterial stem was therefore
occluded with metal coils, thereby preserving the intrahepatic
peribiliary vascular plexus. The day after embolization, arterial
flow in the second order branches of the right hepatic artery could
be detected in all patients using DU. Therefore it is the authors’
conclusion that the post-operative liver abscesses and anastomotic
failures seen in four out of the six patients in the current study
were not because of biliary ischaemia but instead due to the fact
that the bile duct could be dissected and subsequently resected out
to a more peripheral portion of the liver as compared with con-
ventional resection. Technical problems with the resulting tiny
bilio-digestive anastomoses are therefore more likely to have
caused these complications. One patient had partial infarction of
the right anterior liver segments, probably because of too exten-
sive mobilization of the liver, thereby damaging the arterial col-
laterals. In this situation it is important to highlight that the
key point to success in this procedure is to avoid any mobilization
of the right liver lobe thereby avoiding damage to the arterial
collaterals. All complications were easily managed conservatively
by percutaneous drainage. It is unlikely this would have been
posssible if the anastomoses had been ischaemic and necrotic.
In contrast to the problems encountered after extrahepatic
portal vein obstruction there was no increased bleeding or other
problems during dissection of the hepatoduodenal ligament
because of arterial collateral formation in the hepatoduodenal
ligament. The process leading to the formation of collateral vessels
differs between hepatic artery occlusion and extrahepatic portal
vein obstruction. After hepatic artery occlusion, the formation of
collateral pathways is caused by increased blood flow in several
arteries that already exist, in contrast to the formation of collateral
pathways by cavernous transformation after extrahepatic portal
vein obstruction.
Two of the patients are long-term survivors and probably
cured, despite one of the patients actually being classified as
having an R1-resection because of a positive proximal bile duct
margin. Both long-term survivors had nodal status N0, so the
N-status is probably a critical factor for long-term survival. Liver
transplantation could have been an alternative as the six patients
described fulfilled the clinical entrance criteria to the Mayo pro-
tocol.29 However, locally this was not an option for these patients
and given that three patients had nodal involvement and all had
perineural tumour infiltration it is unlikely these patients would
have benefited from such a regimen.30
The main advantage of this procedure is based on the clinical
fact that pre-operative and even intra-operative staging is inaccu-
rate. Intra-operative frozen sections cannot give the guarantee
of an R0-resection as the final pathological report based on the
operative specimen frequently changes R0 to R1. Inflammation
around the tumour can mimic tumour invasion and make dissec-
tion difficult or impossible. Thus a technique which allows a more
radical resection is likely to increase the probability of achieving
a R0 resection. The approach described in the current paper
increases both the radial margin as well as allowing a more proxi-
mal dissection of the biliary tree and hence increasing the likeli-
hood of achieving a R0 proximal transection margin.
Although only patients in which there was a strong suspicion
of tumour invasion of the right hepatic artery were selected for
this procedure it may also be possible that this technique could
increase the chance of a R0 resection in other patients requiring
a left hepatectomy. Using pre-operative arterial embolization, a
radical ‘no touch’ technique including resection of the portal vein
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bifurcation, as proposed in connection with right extended hepa-
tectomy, could eventually be applied even to patients undergoing
left or left-extended hepatectomy.1 Further studies are needed to
demonstrate this.
In conclusion, HC involving the porta hepatis is difficult to
treat. For patients in whom a left hepatectomy is required and
there is suspicion of invasion of the right hepatic artery, pre-
operative embolization of the proper hepatic artery may increase
the probability of achieving an R0 resection. Further studies will
be required to determine if further indications for this technique
exist.
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